We recently reported that enzyme-treated asparagus extract (ETAS) attenuates hydrogen peroxide (H 2 O 2 )-stimulated matrix metalloproteinase-9 expression in skin fibroblast L929 cells. To further elucidate the anti-aging effects of ETAS on skin, we examined whether ETAS has preventive effects on H 2 O 2 -induced pro-inflammatory responses of skin fibroblasts. H 2 O 2 induced Ser536 phosphorylation and nuclear accumulation of nuclear factor-κB (NF-κB) p65, and increased the mRNA levels of interleukin-12α (IL-12α) and inducible nitric oxide synthase (iNOS) in L929 cells. Pretreatment of the cells with JSH-23, an inhibitor of NF-κB nuclear translocation, abolished the H 2 O 2 -induced expression of IL-12α and iNOS, indicating that the increased transcription is regulated by p65. The H 2 O 2 -stimulated nuclear accumulation of p65 and induction of IL-12α and iNOS mRNA were significantly attenuated after pretreatment with ETAS for 3 h, and these responses were completely abolished when the duration was extended to 24 h. However, ETAS did not affect the H 2 O 2 -stimulated degradation of IκBα and phosphorylation of p65. On the other hand, ETAS treatment for 24 h resulted in decreased protein levels of importin-α. These results suggest that ETAS prevents pro-inflammatory responses by suppressing the p65 nuclear translocation in skin fibroblasts induced by H 2 O 2 .
Skin aging is largely classified into two types: chronological (intrinsic) aging and photoaging (extrinsic aging). Inflammation as well as oxidative stress is closely associated with both types of skin aging [1] [2] [3] . Reactive oxygen species (ROS) generated in dermal fibroblasts activate intracellular signaling, including the mitogenactivated protein kinase (MAPK) pathways, and result in the expression of certain types of matrix metalloproteinases (MMPs), which cause collagen breakdown in the dermis and subsequent wrinkle formation [2, 3] . The expression of MMPs in the fibroblasts is also induced by pro-inflammatory cytokines released from immune cells and keratinocytes activated in response to ultraviolet (UV) light exposure [2, 3] .
Growing evidence indicates that fibroblasts also release proinflammatory mediators in response to a variety of stimuli [4, 5] . For instance, UV-B exposure resulted in production of proinflammatory cytokines, inducible nitric oxide (NO) synthase (iNOS), cyclooxygenase-2 (COX-2), MMP-1, and MMP-9 via nuclear factor-κB (NF-κB) signaling in primary human dermal fibroblasts [6] [7] [8] [9] [10] . NF-κB is known to be a ROS-sensitive transcription factor [11] . Exogenous hydrogen peroxide (H 2 O 2 ) treatment induces tyrosine phosphorylation of the inhibitor of κBα (IκBα), followed by nuclear translocation and DNA binding of NF-κB in human umbilical vein endothelial cells and Jurkat cells [12, 13] . Therefore, to prevent skin aging, it is necessary to suppress excessive pro-inflammatory responses of skin fibroblasts elicited by oxidative stress.
Asparagus (Asparagus officinalis L.) is consumed worldwide and is used as a medical herb, because its ingredients, such as saponins, possess a wide variety of beneficial biological effects [14] . Enzymetreated asparagus extract (ETAS) from the unused bottom parts of asparagus was produced as a novel functional food that attenuates stress responses and promotes good sleep in mice and humans [15, 16] . These effects, at least in part, were mediated by a 5hydroxymethyl-2-furfural derivative, asfural, which is not present in raw asparagus [17] . In addition to the anti-stress effects, anti-aging effects are expected because of the reports that ETAS ameliorated cognitive impairment in senescence-accelerated mice [18] and protected neuronal PC-12 cells from cytotoxicity of amyloid β peptide [19] .
We recently reported that ETAS attenuates H 2 O 2 -induced MMP-9 expression by suppressing c-Jun N-terminal kinase (JNK) phosphorylation in skin fibroblast L929 cells [20] . Moreover, a recent study demonstrated that ETAS suppresses interleukin (IL)-1β-stimulated pro-inflammatory responses of primary rat hepatocytes [21] . However, it is still unclear whether ETAS exerts suppressive effects on pro-inflammatory responses in skin fibroblasts induced by oxidative stress. In the present study, to obtain further insights into the anti-aging activity of ETAS on skin, we evaluated the effects of exogenous H 2 O 2 treatment on the activation of NF-κB and on the expression of its target genes, and then explored whether ETAS could prevent the H 2 O 2 -induced proinflammatory responses of murine skin fibroblast L929 cell line. We evaluated, at various time points, the effect of H 2 O 2 treatment on the mRNA levels of IL-12α and iNOS and phosphorylation levels of p65 in murine skin L929 fibroblasts. IL-12α and iNOS mRNA levels were markedly increased within 1 and 3 h, respectively, of treatment with H 2 O 2 in L929 cells ( Fig. 1A) . Moreover, p65 phosphorylation on serine 536 was transiently increased within 30 min of H 2 O 2 treatment ( Fig. 1B) . At this point, the amount of p65 in the nuclear fractions of the cells treated with H 2 O 2 was significantly higher than that in the untreated cells (Fig.  1C ). We assessed whether p65 activation mediates the transactivation of IL-12α and iNOS, by using an inhibitor of NF-κB nuclear translocation, JSH-23. The H 2 O 2 -induced expression of IL-12α and iNOS was completely abolished by pretreatment of the cells with JSH-23 for 24 h ( Fig. 2A ).
We examined if ETAS exerted a suppressive effect on the proinflammatory responses in L929 cells induced by H 2 O 2 . The H 2 O 2induced expression of IL-12α and iNOS and nuclear accumulation of p65 were significantly suppressed by pretreatment of the cells with ETAS for 3 h ( Fig. 2B and 3A) . When the duration of ETAS pretreatment was increased to 24 h, the suppressive effects were augmented, and the increments in IL-12α and iNOS expression and p65 nuclear accumulation almost completely disappeared ( Fig. 2C  and 3B ). However, the H 2 O 2 -stimulated degradation of IκBα and phosphorylation of p65 on serine 536 in the cytosol were not affected by ETAS, even after pretreatment for 24 h (Fig. 3C and D) .
To estimate the machinery by which ETAS prevents p65 nuclear translocation, we examined the effects of ETAS treatment on the expression levels of importin-α in L929 cells. The protein levels of importin-α were significantly reduced after treatment with ETAS for 24 h (Fig. 4A) . Moreover, the cells pretreated with ETAS for 24 h showed significant reduction in the amounts of importin-α in the nucleus after 30 min H 2 O 2 stimulation (Fig. 4C) , and the degree of reduction was greater in the nucleus than in the cytosol (Fig. 4B and  C) .
ROS, such as singlet oxygen, superoxide anion (O 2 -), H 2 O 2 , and hydroxyl radical, are generated by UV irradiation, and play key roles in progression of skin aging partially via activating intracellular MAPK and NF-κB signaling and inducing expression of MMPs and pro-inflammatory mediators in skin cells, including fibroblasts [22] . Skin L929 fibroblasts showed iNOS expression in response to exogenous treatment with H 2 O 2 (Fig. 1A) . iNOS catalyzes the oxidation of L-arginine to produce NO, which is an effective inhibitor of lipid peroxidation [23] . Indeed, NO protected rat aortic endothelial cells from apoptotic cell death induced by UV-A [24] [25] [26] . However, during oxidative conditions, NO reacts with either O 2 or H 2 O 2 to generate peroxynitrite anion (ONOO -), resulting in enhanced lipid peroxidation and related cytotoxicity [23] . iNOS expression was increased in skin tissues in response to UV-B irradiation via NF-κB signaling [8, 10] . A novel peroxisome proliferator-activated receptor α/γ dual agonist MHY 966 is reported to inhibit UV-B-induced epidermal thickness and collagen destruction by suppressing pro-inflammatory responses, including p65 nuclear translocation, iNOS expression, and resultant ONOOgeneration, without scavenging ROS [10] . The present study revealed that ETAS pretreatment suppresses the H 2 O 2 -induced iNOS expression in fibroblast L929 cells ( Fig. 2B and C) , suggesting that ETAS has the potential to prevent skin aging.
Prior to the transactivation of iNOS, increased phosphorylation on serine 536 and nuclear translocation of p65 were observed in L929 cells treated with H 2 O 2 (Fig. 1B and C) . This transactivation was regulated by p65, since it was completely abolished by pretreatment of the cells with an inhibitor of NF-κB nuclear translocation, JSK-23 ( Fig. 2A) . This compound is reported to suppress lipopolysaccharide-stimulated nuclear translocation of p65 and subsequent expression of pro-inflammatory mediators without affecting the degradation of IκBα in the murine macrophage cell line RAW264.7 [27] . Therefore, it is considered that JSH-23 modulates the nuclear transport machinery of p65 [27] . The present study demonstrated that ETAS prevents the H 2 O 2 -stimulated nuclear translocation of p65 without affecting IκBα degradation and p65 phosphorylation in L929 cells (Fig. 3 ). In general, H 2 O 2 evokes tyrosine phosphorylation of IκBα, resulting in the liberation of p65 from IκBα and its translocation into the nucleus [11] [12] [13] . Therefore, it is possible that ETAS modulates the nuclear transport machinery of p65 without affecting the signal transduction events upstream of p65 translocation, as with JSH-23.
Import of transcription factors from the cytosol into the nucleus is regulated by the importin α and β family of proteins [28] . Importinα are adaptor proteins that recruit importin-β via binding to the nuclear localization signal domain of cargo proteins, and the heterotrimeric complex is imported into the nucleus through the nuclear pore complex [28] . It has been reported that nuclear import of p65 is mediated by importin-α1, -α3, -α5, and -α6 [29] [30] [31] . In the present study, we demonstrated that ETAS treatment for 24 h resulted in reduced protein expression of importin-α ( Fig. 4A ). Therefore, it is possible that ETAS inhibits importin-associated nuclear translocation of p65. Furthermore, it cannot be denied that ETAS influences the cycles of transcription factors, including p65, between cytosol and nucleus, because reduced amounts of importinα in the nucleus were greater than those in the cytosol after ETAS pretreatment ( Fig. 4B and C) .
We previously reported that ETAS attenuates H 2 O 2 -stimulated phosphorylation of JNK and resultant c-Jun phosphorylation and MMP-9 transactivation without suppressing protein carbonylation in L929 cells [20] . Another group has shown that ETAS contains 5hydroxymethyl-2-furfural and its unique derivative asfural, which are not present in raw asparagus [21] , and that these compounds exert anti-inflammatory actions on IL-1β-induced pro-inflammatory responses of rat primary hepatocytes [21] . In light of all these findings, ETAS may have a range of intracellular and cell surface target molecules.
ETAS has the potential to prevent skin aging through attenuation of the pro-inflammatory responses of skin fibroblasts elicited by oxidative stress. This readily produced and inexpensive functional food could therefore become a useful component of dermatologic prophylactic strategies to maintain skin health and function.
Experimental

Preparation of ETAS:
In the present study, the same lot number (HSP1202) of ETAS was used (Amino Up Chemical Co. Ltd., Sapporo, Japan) as in the previous study [20] . ETAS was prepared as described previously [15] [16] [17] . Briefly, fresh bottom parts (90 kg: fresh weight) of asparagus were boiled in water (180 L) at 121°C for 45 min. The boiled bottom parts of asparagus and resultant extract were treated with 0.9 kg sucrase C (Mitsubishi-Kagaku Foods, Tokyo, Japan) for 1.5 h, followed by 0.9 kg macerozyme A (Yakult Pharmaceutical Industry, Tokyo, Japan) treatment for 24 h. After these enzymes were inactivated by incubating at 121°C for 20 min, the extract was centrifuged and the resultant supernatant was mixed with 9.0 kg of dextrin (Pinedex; Matsutani Chemical Industry, Hyogo, Japan) as a filler. The mixture was then concentrated in vacuo at 105°C, sterilized at 121°C for 45 min, and then spray-dried to produce an ETAS powder (14.5 Cell culture: The murine skin fibroblast cell line L929 (DS Pharma Biomedical, Osaka, Japan) was cultured as previously described [20] . Twenty-four h prior to the initiation of experiments, cells were seeded on culture dishes or multi-well plates at a density of 3.0 × 10 4 cells/cm 2 [20] . To test the effect of H 2 O 2 alone, the cells were treated with or without 1 mM H 2 O 2 (Sigma-Aldrich, St. Louis, MO, USA) and cultured for the desired periods [20] . To assess the effect of ETAS, either ETAS or dextrin (vehicle) were directly dissolved in complete medium to produce a final concentration of 1 mg/mL, and then the supplemented medium was sterilized using a Millex 0.22-μm Syringe-Driven Filter Unit (Merck Millipore, Darmstadt, Germany). After 3 or 24 h of treatment with either ETAS or dextrin, cells were treated with or without 1 mM H 2 O 2 for the desired periods. An inhibitor of NF-κB nuclear translocation, JSH-23 (Sigma-Aldrich), was dissolved in dimethyl sulfoxide (Wako Pure Chemical Industries, Osaka, Japan) to generate a 100 mM solution, and then this solution was added to the complete medium to achieve a final concentration of 30 μM. The final volume of dimethyl sulfoxide in the medium was equivalent (0.3%) between cells treated with and without JSH-23.
